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(57) ABSTRACT

A test fixture (20) for testing continuity in at least one
electrode of a neuromodulation device. The test fixture may
comprise a substrate (22), at least one electrically conductive
pad (24a) disposed on the substrate for reducing pressure
applied to the at least one electrode when the electrically
conductive pad makes contact with an exposed surface of
the electrode, and a wire (26a) extending from the at least
one electrically conductive pad. The pad may be formed of
a non-abrasive material, such as conductive foam or smooth
metal. The substrate may be a probe formed with a number
of slots for holding pads and routing wires, a mandrel with
openings for holding pads and routing wires, and a flexible
circuit with exposed smooth metal surfaces. The test fixture
may be suitable for testing cuff-like and paddle-like devices.
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1
NON-DESTRUCTIVE TEST FIXTURE FOR
SCREENING ELECTRICAL CONTINUITY

PRIORITY CLAIM

The present application is a National Phase entry of PCT
Application No. PCT/US2020/030954, filed May 1, 2020,
which claims priority from U.S. Provisional Application No.
62/843,217, filed May 3, 2019, each of which is hereby fully
incorporated herein by reference.

TECHNICAL FIELD

The disclosure relates generally to the field of electrodes,
and more particularly to electrodes employed in the field of
neuromodulation. Still more particularly, but not exclu-
sively, the disclosure relates to a test fixture including a
non-abrasive conductive material to test the electrodes of a
neural interface.

BACKGROUND

Electrodes are often susceptible to damage with conven-
tional continuity measurement methods, such as using a
multimeter and probes to measure the DC resistance across
the electrodes. In the field of bioelectronic medicine, to test
lead functionality and the continuity of electrodes post-
manufacturing and before implantation in a patient, the leads
need to be adequately tested for DC resistance without
damaging the electrode surface. A current method of using
a multimeter with probes to measure electrode-to-electrode
resistance, which may potentially cause damage to the
electrode surface, is unsuitable because it could compromise
the functionality of the lead.

SUMMARY

The present disclosure addresses the foregoing problem
by providing an inventive method and fixture to allow
electrode continuity to be checked while protecting the
electrode surface from damage. According to an illustrative
embodiment, the electrodes are placed in contact with a
non-abrasive conductive material (e.g., conductive foam or
a smooth conductive pad) that provides electrical continuity
to test points that are measurable via traditional means (e.g.,
using a digital multimeter and probes). Exemplary imple-
mentations are depicted in the drawings.

According to an embodiment, there is provided a test
fixture (20) for testing electrical continuity in an electrode
(17) of a neuromodulation device (10), comprising a sub-
strate (22), an electrically conductive pad (24) disposed on
the substrate and sized relative to the electrode for reducing
pressure applied to the electrode when the electrically con-
ductive pad makes contact with an exposed surface of the
electrode, and a conductive wire (26) extending from the
electrically conductive pad.

The electrically conductive pad may be sized relative to at
least one electrode to reduce pressure applied to the at least
one electrode when the electrically conductive pad makes
contact with an exposed surface of the electrode.

The pressure is reduced when the conductive pad makes
contact with a surface of the electrode compared to when a
single point contact is made with a surface of the electrode.
For example, such a single point contact may be made when
using a traditional probe.

In an illustrative embodiment, a test fixture comprises a
plurality of non-abrasive electrically conductive pads con-
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nected to a first wire and a second wire, respectively, and
each positioned to make contact with a separate correspond-
ing electrode of a neuromodulation device, such as cuff,
which includes finger portions supporting the electrodes.
The first and second wires are configured to be electrically
coupled to the probes of a multimeter for performing elec-
trical continuity testing of the electrodes.

In an embodiment, the non-abrasive conductive pads are
formed of a conductive foam that provides a normal force
against the electrodes when slightly compressed to establish
and maintain electrical contact between the non-abrasive
conductive pads and the electrodes. In an embodiment, the
non-abrasive conductive pads are formed around the cir-
cumference of an oversized mandrel (52) to ensure better
electrical contact between the non-abrasive conductive pads
and the electrodes. In an embodiment, the non-abrasive
conductive pads are formed from exposed metal on a flex
circuit and wrapped around the oversized mandrel with
pressure sensitive adhesive. In an embodiment, a clamping
tool (70) may be used to apply pressure around the exterior
of the neuromodulation device to ensure sufficient electrical
contact between the non-abrasive conductive pads and the
electrodes. In an embodiment, the neuromodulation device
is a substantially flat paddle device (80) and a clamping tool
may be used to apply pressure to either or both of the
non-abrasive conductive pads and the flat paddle device to
ensure contact between the non-abrasive conductive pads
and the electrodes.

According to an embodiment, there is provided a test
fixture for testing electrical continuity in an electrode of a
neuromodulation device, comprising: a substrate; an elec-
trically conductive portion disposed on the substrate,
wherein the substrate comprises a probe configured for the
neuromodulation device to wrap around such that the elec-
trically conductive portion is in contact with the electrode;
and a wire extending from the electrically conductive por-
tion. In other words, the substrate comprises a probe around
which the neuromodulation device at least partly wraps. The
probe may be generally cylindrical for the neuromodulation
device to at least partly wrap around the probe.

For example, where the neuromodulation device com-
prises a cuff-like configuration, the probe enables the elec-
trical continuity test to be carried out with less manipulation
of the neuromodulation device (or neural interface device).
Furthermore, there is reduction of handling of the neuro-
modulation device itself (and thus any potential damage to
the neuromodulation device) as the neuromodulation device
also is not required to be opened up excessively.

The disclosed solution uses a combination of materials
and methods to generate electrical continuity from a soft,
functionally-sensitive-to-scratching surface to harder,
uncritical-to-performance test points that can withstand
repeated electrical probing. The disclosed embodiment is
suitable for electrodes that are coated or textured via laser-
patterning or another surface morphology modification
method such as nano-imprinting resulting in a surface integ-
rity that needs to be protected to ensure the coating or
texture’s functional performance. Using non-abrasive con-
ductive material to transfer electrical signals from the elec-
trode surface to less-fragile test points protects the function-
ality of the electrodes, and leads, thus allowing for pre-
implantation screening of the leads. Possible alternative
embodiments may employ different materials to contact the
electrodes, and different methods of generating continuity
between the non-abrasive material and the test points.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of an example of an
implantable neuromodulation device cuffed about a nerve
bundle.

FIGS. 2A and 2B are perspective views of an embodiment
of the inventive test fixture without and with a neuromodu-
lation cuff.

FIGS. 3A and 3B are perspective views of an embodiment
of the inventive test fixture positioned around a mandrel
with wire routing paths built therein.

FIG. 4 is a perspective view a clamping tool configured
for use with the test fixture of FIGS. 3A and 3B.

FIG. 5 is a perspective view of a flat neuromodulation
device.

FIG. 6 is a side view illustration of a test fixture for a flat
neuromodulation device, such as one shown in FIG. 5.

DETAILED DESCRIPTION OF THE DRAWINGS

The disclosure relates to systems and devices for testing
the continuity of electrodes in neuromodulation devices
configured to stimulate nerves intra- or extra-venously when
implanted in a body. The neuromodulation devices may
include one or more electrodes positioned at different loca-
tions within cuff-like or paddle-like devices that may be
implanted in a body such that the electrodes are in contact
with surface tissue including nerves. Stimulation of the
nerves may be defined by the delivery of electricity (e.g.,
electrical pulses) to a neuron, a nerve cell, a nerve bundle,
or other target location of the nervous system that excites the
neuron, nerve cell, nerve bundle, or other target location.
Such electrical pulses may be generated by, for example, an
implantable pulse generator (IPG) or an external pulse
generator. The neuromodulation device referred to herein
does not necessarily include such a pulse generator, and may
also be referred to as a neural interface device.

FIG. 1 depicts an exemplary neuromodulation device 10
solely for the purpose of providing context for the present
disclosure and is not intended to limit the scope of the
disclosure herein. The neuromodulation device 10 depicted
in FIG. 1 is a cuff-like device formed of a flexible, biocom-
patible material 11, such as a soft polymer substrate suitable
for implantation within a body. The implantable device 10
may be used to stimulate a nerve using energy generated
from a voltage induced in the implantable device by a source
12 (not otherwise shown in FIG. 1). As shown, the implant-
able device 10 is an extra-vascular device wrapped around
a nerve or blood vessel 40 and joined together at points 13.
The implantable device 10 is merely exemplary and may
come in many different shapes, configurations, sizes, etc.

The implantable device 10 may include one or more
electrodes 17 or arrays of electrodes. Some of the electrodes
may be sensors 15 that receive rather than transmit electrical
fields. In some embodiments, each electrode 17 may be
configured to emit electrical fields to stimulate a nerve 40
proximate to the implantable device 10. The electrodes 17
may be individually wired and controlled or wired and
controlled as an array. In some embodiments, each electrode
may reflect a micro-electrode designed for maximum charge
injection for stimulating a nerve.

Each electrode within an electrode 17 (or an array of such
electrodes, etc.) may be coupled individually or to one
another via a high-density, flexible interconnection 19 made
substantially out of conductive material. In some embodi-
ments, for example, interconnection 19 may be comprised
substantially (e.g., 90 or 95 percent by weight) out of metals
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such as platinum, stainless steel, tungsten or titanium. Other
metals, such as gold, may also be used for interconnection
19. As depicted in FIG. 1, the electrodes 17 may be
connected via interconnection 19 in series and/or parallel to
provide multiple channels for increased selectivity of the
parameters of the emitted electric field (e.g., magnitude,
direction, location, etc.). In some embodiments, this
arrangement may provide for more targeted and efficient
stimulation of a nerve.

The electrodes 17 may be coupled to one or more other
components of implantable device 10 for conducting pro-
cesses consistent with the disclosed embodiments. These
couplings may occur through interconnection 19, couplings
made from the same or similar materials, or other couplings
electrically linking the coupled components. In some
embodiments, for instance, the electrode array 17 and/or its
component sets of electrodes or individual electrodes may
be coupled to a control circuit, a battery, capacitive storage
and/or other chargeable storage elements to emit an electric
field to stimulate a proximate nerve in response to a control
signal received from the control circuit.

The one or more sensors 15, which may also be electrodes
or arrays of electrodes, may measure a physical or temporal
parameter associated with implantable device 10 and/or its
surroundings. For example, in one embodiment, the set of
sensors 15 may include sensors for measuring the electrical
potential between two points. In addition, the set of sensors
15 may include other sensors for measuring other charac-
teristics such as pressure, temperature, time, resistance,
conductance, electrical/magnetic flux, and so forth. Each
sensor in the set of sensors 15 may be coupled to any other
component of implantable device 10, such as the control
circuit, electrode arrays 17, energy sources, etc.

Each of the components of implantable device 10 may be
formed within or affixed into the soft polymer substrate 11
so that the substrate supports the formed or affixed compo-
nents. In certain embodiments, the substrate 11 may com-
prise a single piece of flexible polymer material, such as
silicone, to facilitate implantation into a patient and manipu-
lation therein. In some embodiments, the substrate 11 may
comprise a plurality of layers of material with various
components, such as electrodes 17, sensors 15 and intercon-
nection 19 positioned between the layers. The resulting
implantable device 10 may be flat, substantially flat, par-
tially rounded, fully rounded, etc.

The small size of the electrodes, wires and welds in
neuromodulation devices makes them difficult to manufac-
ture. The flexibility of the devices also makes them prone to
damage from handling. It is therefore desirable to test the
continuity of the electrodes of neuromodulation devices
before implantation. The traditional manner of testing con-
tinuity involves the use of a digital multimeter and one or
more conductive metal probes that contact the surface of the
electrodes. The hard, pointed, abrasive tip of the probe, as
well as its concentrated pounds per square inch of pressure,
can result in damage to the surface of the electrode.

The present disclosure comprises several embodiments
for addressing problems associate with traditional continuity
testing. In one embodiment, further illustrated in FIGS. 2A
and 2B, a non-abrasive conductive material formed as pads
are used in place of the probes. As used herein, the term
“pad” refers to a piece of material shaped and sized in a
manner similar to that of the electrodes to be tested. If an
electrode is placed in a recessed portion of a neuromodula-
tion device, the pad may need to be smaller than the
electrode in order to make full contact with the exposed
surface of the electrode. In neuromodulation devices where



US 12,050,253 B2

5

the electrodes protrude slightly from the surface of the
device, the pad may be smaller or larger than the electrode.
A larger surface area for the pad may serve to reduce the
amount of pressure that can be exerted by the pad on the
electrode.

The manner in which the electrodes are electrically wired
to the digital multimeter may depend on the manner in which
the electrodes of the neuromodulation device are wired. As
used herein, the term “wire” refers to any type of material
that may be used to connect one conductive device to
another and may include any type of conductor, whether a
solid wire, a flat trace or lead, etc. If the electrodes of the
neuromodulation device are individually wired, then the
corresponding wires of the pads of the test fixture may be
individually wired. If some of the electrodes of the neuro-
modulation device are wired in series or parallel, the pads of
the test fixture may be similarly wired. In one example in
which the pads of the neuromodulation device are intercon-
nected, a continuity test may be based on a continuity loop
that goes from a digital multimeter point A, to a wire A, to
pad A, to electrode A to an interconnection coil within the
neuromodulation device to electrode pad B, to pad B, to wire
B to digital multimeter point B. If the digital multimeter has
enough channels and test points, it may be possible to test all
of the electrodes of the neuromodulation device at the same
time. In other situations, it may be necessary to test one set
of electrodes, then move the neuromodulation device to test
a next set of electrodes. Even a single pad may be used to
test a single electrode in a monopolar configuration provided
there is another conduction point at the other end of the
monopolar device (i.e., a lead in the wiring harness of the
neuromodulation device).

The pads may be formed of a variety of conductive
materials. In an embodiment, the material used to form the
contact surface of the pads is non-abrasive. As used herein,
“non-abrasive” refers to the material having a lower hard-
ness and/or roughness than that of the surface of the elec-
trode. In an embodiment, the contact surface material of the
pad is a conductive foam, such as Condus Plus™ made by
Rogers Corporation, which is made of a low-density micro-
cellular urethane with a thin, flexible metalized coating. The
conductive foam may be formed on a substrate of any
suitable shape, size and configuration and wired as appro-
priate for the neuromodulation device to be tested. Wiring
may be run under each of the conductive foam pads and
directly welded to the pads. The foam pads may also be
positioned over and connected to other conductive materials
that are then connected to the required wiring and substrate.

In some embodiments, the electrically conductive pad
may comprise other shapes and therefore may be referred to
as electrically conductive portion.

In the embodiment of the test fixture 20 illustrated in
FIGS. 2A and 2B, the substrate for the conductive foam pads
includes a base 21 comprising a first cylindrical portion, in
which a base portion slot 21a is formed, and a probe 22
extending from the base. The slot 21a is not essential but
positioning the lead of the neuromodulation device 10 in the
slot may help to positionally align (i.e., clock) the neuro-
modulation device 10 relative to the test fixture 20. The
probe comprises a second cylindrical portion having walls
forming a plurality of probe slots 22a, 226, 22¢, 22d. The
probe slots 22a, 22b, 22¢ and 22d are likewise not essential
but do help to hold the pads 24a and 2454 in position and
provide a routing path for the wires 26.

A first non-abrasive electrically conductive pad 24a
formed of conductive foam is disposed within a first probe
slot 224, and a first wire 26a extends from the first pad. In
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addition, a second non-abrasive electrically conductive pad
24p formed of conductive foam is disposed within the first
probe slot 22a, and a second wire 265 extends from the
second pad. The probe, probe slots, and pads are configured
to accept a neuromodulation device 10. In an embodiment,
when the neuromodulation device is positioned around the
probe 20 and pads 24, the conductive foam may be slightly
compressed. As a result, the spring force of the slightly
compressed pads may provide a normal force so as to better
establish electrical conductivity between the pads and the
electrodes.

As previously described, the neuromodulation device may
have a number of different shapes and sizes that are suitable
for use with the embodiment of the test fixture 20. As
illustrated, the neuromodulation device is a cuff-like device
that includes a number of flexible finger portions 10a, 105
and 10c. As illustrated, the flexible fingers 10a and 105
include electrodes that are positioned to make contact with
the pads 24a and 24b. The flexible finger 10¢ does not
include any electrodes and is positioned in-between the pads
24a and 24b. As indicated at reference numeral 32, the wires
26 are configured to be electrically coupled to probes of a
digital multimeter (not shown) for electrical continuity test-
ing.

In the embodiment of the test fixture 50 illustrated in
FIGS. 3A and 3B, the base is a two-portion mandrel 52 with
an optional groove 54 cut out of an exterior portion, similar
to the slot 21a of FIG. 2A, for clocking the neuromodulation
device within the test fixture 50. The interior portion of the
mandrel 52 includes a number of conductive pads 56, each
of which may be positioned and press fit or adhered within
a cutout 58 of the interior portion of the mandrel. The
cutouts 58 under the conductive pads 56 may allow for more
wire routing space. Wires (not shown in FIGS. 3A and 3B)
my either be soldered, or laser welded onto the underside of
the conductive pad 56 prior to the conductive pad being
adhered onto the mandrel 52. The center 60 of the mandrel
52 may also be hollow to allow for a wire routing path
through the front and back of the mandrel. The number of
conductive pads 56 is based on the configuration of the test
fixture 50 and the neuromodulation device to be tested.

The surface area of the conductive pads 56 may be
machined out of a smooth (i.e., non-abrasive) metal and
shaped and sized to optimize contact with the electrodes
while reducing abrasion to the surface material of the
electrodes. The conductive pads 56 may be coated with a
contact-grade plating, such as 99% purity gold plating,
electroless nickel plating, or silver plating, but any suitable
conductive plating may be sufficient. The interior portion of
the mandrel 52 may be oversized compared to the interior
diameter of the neuromodulation device to be tested in order
to ensure better contact between the conductive pads 56 and
the electrode surfaces. The amount by which the mandrel
may be oversized may be approximately 2-3 mm and/or
between approximately 35-40% larger than the neuromodu-
lation device to be tested. Oversizing the mandrel relative to
the neuromodulation device may result in a contact force
between the overstretched neuromodulation device and the
conductive pads of the test fixture.

In an embodiment, the individual conductive pads may be
formed from exposed smooth metallic areas of a flex circuit.
The flex circuit may be formed of a flexible plastic substrate,
such as polymide, PEEK or a transparent conductive poly-
ester film. The metallic areas of the conductive pads and the
corresponding wiring may be printed, photolithographically
applied, or adhered, such as very thin copper strips adhered
between two layers of the substrate and exposed in areas
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corresponding to the conductive pads. All of the materials
may be coated with contact grade plating or other suitable
plating post-fabrication to be biocompatible. Wiring traces
from the conductive pads may lead to a lead with contacts
that can be used to measure continuity or resistance between
the different electrode locations. The flex circuit may then be
wrapped around a mandrel, such as that shown in FIGS. 3A
and 3B, or used with other embodiments described herein. In
an embodiment, the flex circuit may be wrapped around the
oversized mandrel with pressure sensitive adhesive to ensure
even pressure and contact between the metallic areas and the
conductive pads.

In an embodiment, further illustrated in FIG. 4, a clamp-
ing tool 70 may be used to help ensure sufficient, even
contact between the conductive pads and the electrode
surfaces. The clamping tool 70 may have a central portion 72
that may be positioned around the outer diameter of the
neuromodulation device (not shown in FIG. 4 to simplify the
illustration). As illustrated, the central portion 72 is in the
form of two C-clamps that may be brought toward one
another by screws 74 to apply even pressure to the neuro-
modulation device. The clamping tool 70 is illustrated in
FIG. 4 with the test fixture illustrated in FIGS. 3A and 3B but
could be readily used with the test fixture of FIGS. 2A and
2B, or the flex circuit described above, or with other
embodiments.

In an embodiment illustrated in FIGS. 5 and 6, the same
concepts described herein can be applied to neuromodula-
tion devices that are not cuff-like, such as the flat, paddle-
like neuromodulation device 80 illustrated in FIG. 5. The
neuromodulation device 80 is similar in construction to the
other neuromodulation devices described herein, only the
substrate in which the electrodes are positioned is flat or
substantially flat, and the device may include a larger
number of electrodes, sensors, or arrays. Although this type
of neuromodulation device 80 may be wrapped around the
test fixtures described above, bending the device 80 in that
manner might damage the electrodes or the wiring inside the
device. According, a different test fixture, based on the same
concepts described herein, may be used, such as the test
fixture 82 illustrated in FIG. 6, which may comprise a test
bed 84 within which the neuromodulation device 80 may be
placed and a retention device 86 that may be placed on top
of the neuromodulation device 80. The test bed 84 may
include conductive pads as described herein. The retention
device 86 may supply slight pressure to the back of the
neuromodulation device 80 sufficient to ensure comntact
between the conductive pads and the electrodes of the
neuromodulation device 80.

In accordance with the foregoing disclosure, a method for
performing electrical continuity testing of an implantable
lead cuff 10 comprises the steps of providing a test fixture 20
of the kind described above. Next, the cuff may be coupled
to the test fixture by inserting the probe into an interior
portion of the cuff such that electrodes in portions of the cuff
contact the pads. Or the paddle may be inserted into a test
bed and retained therein so that the electrodes of the paddle
contact the pads. Probes of a metering device may then be
electrically coupled to the conductive wires of the test
fixture connected to the pads. Finally, the electrical conti-
nuity of the cuff/paddle may be measured with the metering
device.
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In addition to or as an alternative to the above, the
following examples consistent with the present teachings are
set out in the following numbered clauses:

1. A test fixture (20) for testing electrical continuity in an
electrode of a neuromodulation device, comprising:

a substrate (22);

an electrically conductive pad (24a) disposed on the

substrate for reducing pressure applied to the electrode
when the electrically conductive pad makes contact
with an exposed surface of the electrode; and

a wire (26a) extending from the electrically conductive

pad.

2. The test fixture of clause 1, wherein the electrically
conductive pad is non-abrasive to the exposed surface of the
electrode.

3. The test fixture of clause 2, wherein the electrically
conductive pad is at least formed of a conductive foam on a
surface contacting the exposed surface of the electrode.

4. The test fixture of clause 2, wherein the electrically
conductive pad is at least formed of a smooth metal on a
surface contacting the exposed surface of the electrode.

5. The test fixture of clause 1, wherein the substrate
comprises a probe having walls

forming a slot in which the electrically conductive pad is

affixed, and wherein the wire is positioned in the slot
beneath the electrically conductive pad.

6. The test fixture of clause 5, wherein the neuromodu-
lation device is a cuff-like device that is configured to wrap
around the probe so that the electrically conductive pad is in
contact with the electrode.

7. The test fixture of clause 6, wherein the probe is
mounted on a base that is configured to align the electrically
conductive pad with the electrode.

8. The test fixture of clause 1, further comprising a clamp
configured to apply pressure to the neuromodulation device
sufficient to ensure contact between the electrically conduc-
tive pad and the electrode.

9. The test fixture of clause 1, wherein the substrate
comprises a mandrel.

10. The test fixture of clause 9, wherein the mandrel forms
an opening in which the electrically conductive pad is
affixed, and wherein the wire is positioned in the opening
beneath the electrically conductive pad.

11. The test fixture of clause 10, wherein the mandrel
includes a central opening configured to provide routing
space for the wire.

12. The test fixture of clause 9, wherein the neuromodu-
lation device is a cuff-like device that is configured to wrap
around the mandrel so that the electrically conductive pad is
in contact with the electrode, and wherein an exterior
diameter of the mandrel is radially oversized relative to an
interior diameter of the cuff-like device.

13. The test fixture of clause 12, wherein the mandrel is
radially oversized by approximately 35-40 percent.

14. The test fixture of clause 9, wherein the mandrel is
mounted on a base that is configured to align the electrically
conductive pad with the electrode.

15. The test fixture of clause 1, wherein the substrate is a
flexible plastic and wherein the electrically conductive pad
is an exposed smooth metallic area on or within the flexible
plastic.

16. The test fixture of clause 1, wherein the substrate and
the neuromodulation device are substantially flat, further
comprising a retention device configured to apply pressure
to the neuromodulation device sufficient to ensure contact
between the electrically conductive pad and the electrode.
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17. The test fixture of clause 1, wherein the wire is
configured to be electrically coupled to a multimeter for
continuity measurements of the electrode.

18. A method for performing electrical continuity testing
of a neuromodulation device (10), comprising:

providing a test fixture (20), the text fixture comprising:

a substrate (22);

an electrically conductive pad (24a) disposed on the

substrate for reducing pressure applied to the electrode
when the electrically conductive pad makes contact
with an exposed surface of the electrode; and

a wire (26a) extending from the electrically conductive

pad;

coupling the neuromodulation device to the test fixture

such that the electrically conductive pad is in electrical
contact with the electrode; and

electrically coupling probes of a metering device to the

wire and measuring electrical continuity of the elec-
trode and wire.

19. The method of clause 18, wherein the electrically
conductive pad is non-abrasive to the exposed surface of the
electrode.

20. The method of clause 19, wherein the electrically
conductive pad is at least formed of a conductive foam on a
surface contacting the exposed surface of the electrode.

21. The method of clause 19, wherein the electrically
conductive pad is at least formed of a smooth metal on a
surface contacting the exposed surface of the electrode.

22. The method of clause 18, wherein the substrate
comprises a probe having walls forming a slot in which the
electrically conductive pad is affixed, and wherein the wire
is positioned in the slot beneath the electrically conductive
pad.

23. The method of clause 22, wherein the neuromodula-
tion device is a cuff-like device, further comprising wrap-
ping the cuff-like device around the probe so that the
electrically conductive pad is in contact with the electrode.

24. The method of clause 23, wherein the probe is
mounted on a base, further comprising positioning the
cuff-like device relative to the base to align the electrically
conductive pad with the electrode.

25. The method of clause 18, further comprising applying
a clamping tool around the neuromodulation device to apply
pressure to the neuromodulation device sufficient to ensure
contact between the electrically conductive pad and the
electrode.

26. The method of clause 18, wherein the substrate
comprises a mandrel.

27. The method of clause 26, wherein the mandrel forms
an opening in which the electrically conductive pad is
affixed, and wherein the wire is positioned in the opening
beneath the electrically conductive pad.

28. The method of clause 27, wherein the mandrel
includes a central opening configured to provide routing
space for the wire.

29. The method of clause 26, wherein the neuromodula-
tion device is a cuff-like device, further comprising wrap-
ping the cuff-like device around the mandrel so that the
electrically conductive pad is in contact with the electrode,
and wherein an exterior diameter of the mandrel is radially
oversized relative to an interior diameter of the cuff-like
device.

30. The method of clause 29, wherein the mandrel is
radially oversized by approximately 35-40 percent.

31. The method of clause 26, wherein the mandrel is
mounted on a base, further comprising positioning the
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cuff-like device relative to the base to align the electrically
conductive pad with the electrode.

32. The method of clause 18, wherein the substrate is a
flexible plastic and wherein the electrically conductive pad
is an exposed smooth metallic area on or within the flexible
plastic.

33. The method of clause 1, wherein the substrate and the
neuromodulation device are substantially flat, further com-
prising applying pressure to the neuromodulation device
sufficient to ensure contact between the electrically conduc-
tive pad and the electrode.

The foregoing description of the examples, including
illustrated examples, of the disclosure has been presented
only for the purpose of illustration and description and is not
intended to be exhaustive or to limit the invention to the
precise forms disclosed. Numerous modifications, adapta-
tions, and uses thereof will be apparent to those skilled in the
art without departing from the scope of this invention. The
illustrative examples described above are given to introduce
the reader to the general subject matter discussed here and
are not intended to limit the scope of the disclosed concepts.

What is claimed:

1. A test device for testing electrical continuity in an
electrode of a neuromodulation device, comprising:

a substrate;

an electrically conductive pad disposed on the substrate

for contacting the electrode; and

a wire extending from the electrically conductive pad,

wherein the electrically conductive pad is configured to
reduce pressure applied to the electrode when the
electrically conductive pad makes contact with an
exposed surface of the electrode, and wherein the
neuromodulation device is arranged to wrap around the
substrate.

2. The test device of claim 1, wherein the electrically
conductive pad is non-abrasive to the exposed surface of the
electrode.

3. The test device of claim 1, wherein the electrically
conductive pad is at least formed of a conductive foam on a
surface contacting the exposed surface of the electrode.

4. The test device of claim 3, wherein the neuromodula-
tion device is a cuff-like device that is configured to wrap
around the substrate so that the electrically conductive pad
is in contact with the electrode.

5. The test device of claim 1, wherein the electrically
conductive pad is at least formed of a smooth metal on a
surface contacting the exposed surface of the electrode.

6. The test device of claim 1, wherein the substrate
comprises a probe having walls forming a slot in which the
electrically conductive pad is affixed, and wherein the wire
is positioned in the slot beneath the electrically conductive
pad.

7. The test device of claim 1, further comprising a clamp
configured to apply pressure to the neuromodulation device
sufficient to ensure contact between the electrically conduc-
tive pad and the electrode.

8. The test device of claim 1, wherein the substrate
comprises a mandrel.

9. The test device of claim 8, wherein the mandrel forms
an opening in which the electrically conductive pad is
affixed, and wherein the wire is positioned in an opening
beneath the electrically conductive pad.

10. The test device of claim 8, wherein the mandrel
includes a central opening configured to provide routing
space for the wire.

11. The test device of claim 8, wherein the neuromodu-
lation device is a cuff-like device that is configured to wrap
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around the mandrel so that the electrically conductive pad is
in contact with the electrode, and wherein an exterior
diameter of the mandrel is radially oversized relative to an
interior diameter of the cuff-like device.

12. The test device of claim 11, wherein the mandrel is
radially oversized by approximately 35-40 percent.

13. The test device of claim 8, wherein the mandrel is
mounted on a base that is configured to align the electrically
conductive pad with the electrode.

14. The test device of claim 1, wherein the substrate is a
flexible plastic and wherein the electrically conductive pad
is an exposed smooth metallic area on or within the flexible
plastic.

15. The test device of claim 1, wherein the substrate and
the neuromodulation device are substantially flat, further
comprising a retention device configured to apply pressure
to the neuromodulation device sufficient to ensure contact
between the electrically conductive pad and the electrode.

16. The test device of claim 1, wherein the wire is
configured to be electrically coupled to a multimeter for
continuity measurements of the electrode.

17. A test device for testing electrical continuity in an
electrode of a neuromodulation device, comprising:

a substrate;

an electrically conductive portion disposed on the sub-

strate,

wherein the substrate comprises a probe configured for

the neuromodulation device to wrap around such that
the electrically conductive portion is in contact with the
electrode; and

a wire extending from the electrically conductive portion,

wherein the electrically conductive portion is config-
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ured to reduce pressure applied to the electrode when
the electrically conductive portion makes contact with
an exposed surface of the electrode.

18. The test device of claim 17, wherein the electrically
conductive portion comprises an electrically conductive pad.

19. The test device of claim 17, wherein the probe is
mounted on a base that is configured to align the electrically
conductive portion with the electrode.

20. The test device of claim 17, wherein the probe
comprises a substantially cylindrical shape.

21. A method for performing electrical continuity testing
of a neuromodulation device comprising an electrode, com-
prising:

providing a test device, the test device comprising:

a substrate;

an electrically conductive portion disposed on the sub-
strate; and

a wire extending from the electrically conductive por-
tion;

coupling the neuromodulation device to the test device

such that the neuromodulation device wraps around the
substrate and the electrically conductive portion is in
electrical contact with the electrode; and

electrically coupling probes of a metering device to the

wire and measuring electrical continuity of the elec-
trode and wire, wherein the electrically conductive
portion is configured to reduce pressure applied to the
electrode when the electrically conductive portion
makes contact with an exposed surface of the electrode.

#* #* #* #* #*



